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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: HAGIWARA, et al. 

Filed: January 14, 2000 

F °r: PATTERN FORMING PROCESS USING PHOTOSENSITIVE 

RESIN COMPOUND 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 

Washington, D.C. 2 0231 January 14, 2000 

Sir: 

Please amend the above-identified application, prior to 
examination thereof, as follows: 

IN THE SPECIFICATION 

Please amend the specification as follows: 

Page 2, line 1, insert — is a Divisional application of 
application Serial No. 09/136,610, filed August 20, 1998, 
which — after "application" (first occurrence) . 

REMARKS 

Applicants have amended the specification of the above- 
identified application, prior to examination thereof, to 
satisfy the requirements of 35 USC 12 0 in referring to, inter 
alia, the immediately prior application of the above- 
identified application upon which priority is claimed under 3 5 
USC 12 0. It is respectfully submitted that this amendment of 
the specification does not add new matter to the application. 
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In view of the foregoing, entry of the present amendment, 
and examination of the above-identified application, in due 
course, are respectfully requested. 

To the extent necessary, Applicants petition for an 
extension of time under 3 7 CFR § 1.13 6. Please charge any 
shortage in fees due in connection with the filing of this 
paper, including extension of time fees, to the Deposit 
Account No. 01-2135 (Case No. 511.33114W4) and please credit 
any excess fees to such Deposit Account. 



1300 North Seventeenth Street 
Suite 1800 

Arlington, VA 22 209 
Tel.: 703-312-6600 
Fax.: 703-312-6666 

WIS/slk 



Respectfully submitted, 



ANTONELLI, TERRY, STOUT & KRAUS, LLP 




William I. Solomon 
Registration No. 28,565 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Inventors: Hideo HAGIWARA, Makoto KAJI and 

Masataka NUNOMURA 
Invention: PATTERN-FORMING PROCESS USING 

PHOTOSENSITIVE RESIN COMPOSITION 



ANTONELLI, TERRY, STOUT & KRAUS, LLP 
1300 North 17th Street 
Suite 1800 

10 Arlington, VA 22209 



SPECIFICATION 
To all whom it may concern: 

Be it known that we Hideo HAGIWARA, Makoto KAJI and 

15 Masataka NUNOMURA, citizens of Japan, residing at 9-4, Heiwa- 
cho 1-chome, Hitachi-shi, Ibaraki-ken, Japan; 3-6, Daihara-cho 
2-chome, Hitachi-shi, Ibaraki-ken, Japan and 3-B301, Nishi- 
narusawa-cho 3-chome, Hitachi-shi, Ibaraki-ken, Japan, 
respectively, have invented new and useful improvements in 

2 0 PATTERN- FORMING PROCESS USING PHOTOSENSITIVE RESIN 

COMPOSITION, of which the following is a specification. 
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This application is a Divisional application of 
application Serial No. 08/664,515, filed June 17, 1996, which 
is a Continuation application of application Serial No. 
08/299,628, filed September 2, 1994. 

5 

BACKGROUND OF THE INVENTION 

This invention relates to a photosensitive resin composition 
10 and a photosensitive resin composition for an i-line stepper 
which contains a photoinitiator . 

In the semiconductor industries, inorganic materials have 
conventionally been used for interlaminar insulation. 
15 Recently, organic materials having an excellent heat- 
resistance such as a polyimide resin have been put to use as 
materials for interlaminar insulation because of properties 
thereof . 

%0 A process for forming a pattern in a semiconductor integrated 

; circuit or forming a pattern of a circuit on a print substrate 

comprises complex and various steps such as film formation of 
a resist material on a substrate surface; exposure of required 
portion to light; removal of unnecessary portion by etching or 

25 the like; and washing of the substrate surface. Therefore, 
development of heat-resistant photosensitive materials have 
been desired, which enables the required portion of the resist 
material to be remained as such and used as insulating 
materials even after the pattern is formed by exposure to 

3 0 light and development. 

As such a material, heat-resistant photosensitive 
materials comprising, for example, a photosensitive 
polyimide or a cyclized polybutadiene as a base polymer 
3 5 have been proposed. The photosensitive polyimide has 

particularly attracted attentions since it has an excellent 



heat-resistance and impurities contained therein can easily 
be removed . 

As such a photosensitive polyimide, for example, one which 
comprises a polyimide precursor and a bichromate has been 
proposed for the first time in Japanese Patent Publication 
No. 17374/1974. This photosensitive polyimide has an 
advantage that it has a photosensitivity suitable for 
practical uses and also has a high film-forming ability. 
However, it also has a disadvantage that it has a low 
preservability and a low stability and that a chromium ion 
remains in the polyimide, and therefore it has not been put 
to practical use. 

As another example, a photosensitive polyimide precursor in 
which a photosensitive group is introduced into a polyamic 
acid (polyimide precursor) by an ester bond has been 
proposed in Japanese Patent Publication No. 30207/1980. 
This material has a disadvantage that a finally obtained 
product contains a chloride since a step for introducing 
the photosensitive group comprises a dehydrochlorination 
reaction. 

In order to avoid these problems, for example, a process 
for mixing a compound which contains a photosensitive group 
with a polyimide precursor is disclosed in Japanese 
Provisional Patent Publication No. 109828/1979; and a 
process for affording photosensitivity to a polyimide 
precursor by reacting a functional group in the polyimide 
precursor with a functional group of a photosensitive 
group-containing compound is disclosed in Japanese 
Provisional Patent Publications No. 24343/1981 and No. 
100143/1985. 

However, the photosensitive polyimide precursor employs an 



aromatic monomer having an excellent heat-resistance and 
mechanical property as a fundamental structure and has a 
low light-transmittance in the ultraviolet region because 
the polyimide precursor itself absorbs the ultraviolet 
light. Therefore, photochemical reactions at the exposed 
portion are not sufficiently caused which results in the 
low sensitivity or unclear patterns. 

Recently, the higher and higher reduction has increasingly 
been required for a rule for producing a semiconductor, 
accompanied by the higher integration of semiconductors. 
Therefore, in addition to a conventional contact/proximity 
exposing machine using parallel rays, a 1:1 projection 
exposing machine called as a mirror projection and a 
reduced projection exposing machine called as a stepper 
have increasingly been used. The stepper utilizes 
monochromatic light such as a high power oscillation line 
of ultra-high pressure mercury lamp, an excimer laser. As 
the stepper, a g-line stepper which employs a visible light 
(wavelength of 435 nm) called as a g-line of ultra-high 
pressure mercury lamp has conventionally been used in many 
cases. However, further reduction of processing rule has 
been required. The process has already been carried out 
around the lower limit of diffraction of light and 
therefore it is required to shorten the wavelength of the 
stepper used for carrying out finer processing. Thus an 
i-line stepper having a wavelength of 365 nm has 
increasingly been used instead of the g-line stepper having 
a wavelength of 43 5 nm. However, a base polymer of a 
conventional photosensitive polyimide designed for the 
contact/proximity exposing machine, the mirror projection 
exposing machine or the g-line stepper, having a low 
transparency for the above-described reason, has 
substantially no transmittance particularly for the i-line 
having a wavelength of 365 nm. Therefore, the i-line 



stepper does not provide any useful pattern. On the other 
hand, as a polyiraide film for surface protection, a further 
thicker film has been required in response to a LOC (lead 
on chip) which is a high density assembly method of a 
semiconductor element. When such a thicker film is used, 
the low light-transmittance causes more serious problem. 
For the above reasons, a photosensitive polyimide which is 
designed for the i-line stepper and has a high 
transmittance for the i-line has been highly required. 

SUMMARY OF THE INVENTION 

The present invention is to overcome the above described 
problems and it is an object of the present invention to 
provide a photosensitive resin composition and a 
photosensitive resin composition for an i-line stepper 
which contains a photo initiator and which transmits light 
to be used for exposure sufficiently and also has an 
excellent image-forming ability with an i-line stepper, 
film property, heat-resistance and adhesive property. 

The present invention relates to a photosensitive resin 
composition which comprises (A) a polyamic acid having a 
recurring unit represented by the formula (I): 



COOH 




COOH 



wherein R 1 represents 

represents a divalent organic group, and 
(B) an acryl compound having an amino group, and 
relates to a photosensitive resin composition for an i-line 
stepper which further comprises a photoinitiator in 
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addition to the above photosensitive resin composition. 
DESCRIPTION OF THE PREFERRED EMBODIMENT 



5 In the following, the present invention is explained in 

detail . 

In the formula (I), R 1 is as defined above, and as R 2 , there 
may be mentioned a divalent aryl group such as 



10 



15 




20 Of these, particularly preferred are 



25 




The polyamic acid (A) may contain at least one other 
recurring unit than the recurring unit represented by the 
30 formula (I) . The recurring unit represented by the formula 

(I) is contained 20 to 100 mole % based on the total amount 
of the recurring unit in the polyamic acid (A) . 



35 



The polyamic acid (A) of the present invention can be 
obtained, for example, by carrying out a ring-opening 



polyaddition reaction of an acid component comprising 
oxydiphthalic acid or oxydiphthalic anhydride (trade name, 
3,3' , 4,4'-biphenyl ether tetracarboxylic dianhydride, 
hereinafter the same) and, if necessary, at least one other 
tetracarboxylic dianhydride, with a diamine in an organic 
solvent. 

The oxydiphthalic acid and/or oxydiphthalic anhydride 
is/are used in total in an amount of 20 to 100 mole % based 
on the total amount of the acid component. 

As the other tetracarboxylic dianhydride which may be used 
if necessary, there may be mentioned, for example, an 
aromatic tetracarboxylic dianhydride such as pyrromellitic 
dianhydride , 3 , 3 ' , 4 , 4 ' -benzophenonetetracar boxy lie 
dianhydride , 3 , 3 ' , 4 , 4 ' -biphenyltetracarboxylic dianhydride, 

1.2.5. 6- naphthalenetetracarboxylic dianhydride , 

2.3.6. 7 - naphtha lenetetracar boxy lie dianhydride , 
2,3,5, 6-pyridinetetracarboxylic dianhydride, 

1.4.5. 8- naphthalenetetracarboxylic dianhydride, 
3,4,9, 10-perylenetetr acarboxy 1 ic dianhydride , 
sulf onyldiphthalic anhydride, 

m-terphenyl-3 , 3 ' , 4 , 4 ' -tetracarboxylic dianhydride , 
p-terphenyl-3 , 3 ' , 4 , 4 ' -tetracarboxylic dianhydride , 
1,1,1,3,3, 3-hexaf luoro-2 , 2-bis (2,3- or 

3,4-dicarboxyphenyl)propane dianhydride, 2,2-bis(2,3- or 
3, 4-dicarboxyphenyl) propane dianhydride, 2 , 2-bis{4- (2 , 3- or 
3 , 4-dicarboxyphenoxy) phenyl >propane dianhydride, 
1,1,1,3,3, 3-hexaf luoro-2 , 2-bis{4- (2 , 3- or 
3 , 4-dicarboxyphenoxy) phenyl }propane dianhydride and a 
tetracarboxylic anhydride represented by the formula (II) : 



w 

o 



wherein R 3 and R 4 may be the same or different from each 
other and each represent a monovalent hydrocarbon group; s 
is an integer of 1 to 5; and when s is 2 or more, 
respective R 3 s or R 4 s may be the same or different from 
each other, 

and the above tetracarboxylic dianhydrides may be used 
singly or in combination of two or more. 

In the formula <II) , the monovalent hydrocarbon group of R 3 
and R 4 may include an alkyl group having 1 to 6 carbon 
atoms such as a methyl group, an ethyl group, a n-propyl 
group, an isopropyl group, a n-butyl group, an isobutyl 
group, a sec-butyl group, a tert-butyl group, a pentyl 
group and a hexyl group; and a phenyl group, said phenyl 
group may be substituted by an alkyl group having 1 to 6 
carbon atoms. 

The above tetracarboxylic dianhydrides may be used if 
necessary in addition to oxydiphthalic anhydride which is 
an essential component. It may be used in an amount of 80 
mole % or less based on the total amount of the acid 
component so that the transmittance of the formed polyamic 
acid is not lowered. 

As the above diamine, which are not particularly limited, 
there may preferably be used 4 , 4 ' -diaminodiphenyl ether, 
2 , 4 ' -diaminodiphenyl ether, 3 , 4 ' -diaminodiphenyl ether, 
3, 3 '-diaminodiphenyl ether, Aj 4 ' -diaminodiphenyl sulfone, 
3 , 3 ' -diaminodiphenyl sulfone and metaphenylenediamine . 
Among them, 3 , 4 ' -diaminodiphenyl ether, 

3, 3 '-diaminodiphenyl sulfone, 4 , 4 ' -diaminodiphenyl sulfone 
and methaphenylenediamine are more preferred. These 
compounds may be used singly or in combination of two or 
more . 



In addition to the above diamine, there may be used with an 
amount which does not lower the transmittance of the 
resulting polyimide precursor, for example, 
p-phenylenediamine , p-xy ly lenediamine , 
5 1, 5-diaminonaphthalene, 3 , 3 ' -dimethylbenzidine, 

3 , 3 '-dimethoxybenzidine, 4,4'- (or 

3,4'-, 3,3'-, 2,4'-, 2,2'-) diaminodiphenylmethane , 
2,2' -diaminodipheny 1 ether , 3,4'- (or 2,4'-, 
2 , 2 '-) diaminodiphenyl sulfone, 4,4'- (or 3,4'-, 3,3'-, 
10 2,4'-, 2 , 2 '-) diaminodipheny lsulf ide, 

4,4' -benzophenonediamine , 
bis { 4 - ( 4 ' -aminophenoxy) phenyl } sulfone , 
•I 1,1,1,3,3 , 3-hexaf luoro-2 , 2 -bis (4-aminophenyl) propane, 

f 2,2 -bis { 4 - ( 4 ' -aminophenoxy ) pheny 1 } propane , 

15" 3,3' -dimethy 1-4 , 4 ' -diaminodiphenylmethane , 

~ 3 , 3 ' , 5 , 5 ' -tetramethyl-4 , 4 ' -diaminodiphenylmethane , 

bis{4- (3 '-aminophenoxy) phenyl} sulfone, 

2, 2 -bis (4-aminophenyl) propane, and an aliphatic diamine 
such as a diaminopolysiloxane represented by the formula 
20 (III): 




(III) 
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wherein R s and R 6 each represent a divalent hydrocarbon 
group, preferably a divalent hydrocarbon group having 1 to 
3 carbon atoms; R 7 and R 8 each represent a monovalent 
hydrocarbon group, preferably a monovalent hydrocarbon 
30 group having 1 to 3 carbon atoms; each of R 5 , R 6 , R 7 and R 8 's 

may be the same or different; and t represents an integer 
of 1 to 5. 



As the above diaminopolysiloxane, there may be used, for 
example , 1 , 3 -bis ( 3-aminopropyl) -1,1,3,3- 



tetramethyldisiloxane. 



An amount of the compound of the formula (III) may be 1 to 
10 mole % based on the total amount of the diamine 
component . 

There may be also used a hydroxyl group-containing diamine 

such as 3,3' -hydroxybenz idine , 

3,4' -diamino-3 ' , 4-dihydroxybiphenyl , 

3,3' -dihydroxy-4 , 4 ' -diaminodipheny loxide , 

3,3' -dihydroxy-4 , 4 ' -diaminodiphenylsulf one, 

2 , 2 -bis (3-amino-4-hydroxyphenyl) propane, 

1,1,1,3,3, 3-hexaf luoro-2 , 2-bis- (3-araino-4-hydroxyphenyl) 
propane, bis- (3 -hydroxy-4-aminophenyl) methane, 
3,3' -dihydroxy-4 , 4 ' -diaminobenzophenone, 

1. 1- bis (3-hydroxy-4-aminophenyl) ethane, 

2 . 2- bis- (3-hydroxy-4-aminophenyl) propane, 

1,1,1,3,3, 3-hexaf luoro-2 , 2-bis- (3-hydroxy-4-aminophenyl) 
propane , 1 , 3-diamino-4-hydroxybenzene , 

1. 3 - diamino-5 -hydroxy benzene, 

1. 3- diamino-4 , 6-dihydroxybenzene, 

1 . 4- diamino-2 -hydroxybenz ene , and 

l,4-diamino-2 ,5-dihydroxybenzene. These compounds may be 
used singly or in combination of two or more. 

As the organic solvent to be used for the above reaction, a 
polar solvent which completely dissolves the formed 
polyimide precursor is generally preferred. There may be 
mentioned, for example, N-methyl-2-pyrrolidone, 
N,N-dimethylacetamide, N, N-dimethylf ormamide, 
dimethylsulf oxide, tetramethylurea, hexamethylphosphoric 
triamide and f-\iXi\Lyco\ZLcX.one.. 

In addition to these polar solvents, ketones, esters, 
lactones, ethers, halogenated hydrocarbons, hydrocarbons, 



for example , acetone, methyl ethyl ketone, methyl isobutyl 
ketone, cyclohexanone, methyl acetate, ethyl acetate, butyl 
acetate, diethyl oxalate, diethyl malonate, diethyl ether, 
ethylene glycol dimethyl ether, diethylene glycol dimethyl 
ether, tetrahydrof urane, dichloromethane, 

1,2-dichloroethane, 1 , 4-dichlorobutane, trichloroethane , 
chlorobenzene, o-dichlorobenzene, hexane, heptane, octane, 
benzene, toluene, and xylene. 

These organic solvents may be used singly or in combination 
of two or more. 

The organic solvent is used in an amount of 50 to 95 % by 
weight based on the total amount of the ring-opening 
polyaddition reaction solution, and the polar solvent is 
used in an amount of 40 to 100 % by weight based on the 
total amount of the organic solvent. If necessary, water 
may be contained in the solvent used for the above 
reaction. When water is contained, the solvent including 
the organic solvent and water is used in amount of 50 to 95 
% by weight based on the total amount of the above 
solution, and the amount of water is 0.5 to 6 % by weight 
based on the total weight of the solvent. 

The polyamic acid can be prepared by reacting the above 
acid component and the diamine, for example, in an amount 
of preferably 0.8 to 1.2 in terms of the molar ratio of the 
acid/the diamine, more preferably about 1.0, at a 
temperature of 0 to 100 °C at around normal pressure for 3 0 
minutes to 10 hours. 

The resulting polyamic acid has a number average molecular 
weight (Mn) of 3,000 to 200,000, preferably 5,000 to 
100,000, more preferably 7,000 to 50,000. Also, the 
resulting polyamic acid solution has a viscosity of 1 to 



300 poise, preferably 30 to 200 poise, and a solid 
component of 5 to 50 % by weight, preferably 10 to 30 % by 
weight. 

As the acryl compound having an amino group to be used as 
Component (B) in the present invention, there may be 
mentioned, for example, N , N— dimethyl ami noethyl 
methacry late , N , N-diethy laminoethy 1 methacry late , 
N , N-dimethy laminopropyl methacry late , 

N, N-diethy laminopropyl methacry late, N, N-dimethy laminoethy 1 

aery late, N, N-diethy laminoethy 1 acrylate, 

N, N-dimethy laminopropyl acrylate, N, N-diethy laminopropyl 

acrylate, N, N-dimethy laminoethy lacrylamide, and 

N, N-diethy laminoethylacrylamide. These acryl compounds may 

be used singly or in combination of two or more. 

The acryl compound having an amino group (B) may be used in 
an amount of preferably 1 to 200 % by weight, more 
preferably 5 to 50 % by weight, based on the amount of the 
polyamic acid containing the recurring unit represented by 
the formula (I) in consideration of photosensitivity and 
strength of the heat-resistant film. When the acryl 
compound is used, affinity with the polyamic acid can be 
improved. 

The photosensitive resin composition of the present 
invention may contain, if necessary, (C) a photoinitiator 
as shown below. Such a composition can be used as a 
photosensitive resin composition for an i-line stepper. As 
the photoinitiator (C) , there may be mentioned, for 
example, Michler's ketone, benzoin methyl ether, benzoin 
ethyl ether, benzoin isopropyl ether, 
2 -t-buty lanthraquinone , 2 -ethy lanthr aquinone , 
4,4' -bis (diethylamino) benzophenone, acetophenone, 
benzophenone, thioxanthone, 



2 , 2-dimethoxy-2-phenylacetophenone, 1-hydroxycyclohexyl 
phenyl ketone, 

2 -methyl- [ 4 - (me thy 1th io ) pheny 1 ] - 2 -morpho 1 ino-1 -propanone , 
benzil, diphenyldisulf ide, phenanthrenequinone , 
2-isopropylthioxanthone, riboflavin tetrabutyrate , 
2 , 6 -bis (p-d iethy lam inoben z a 1 ) - 4 -methy 1 - 4 -a z acy c lohexanone , 
N-ethy 1-N- (p-chlorophenyl ) glycine , 

N-ethy 1-N- (p-chlorophenyl ) glycine , N-pheny 1-diethanolamine , 
2- (o-ethoxy car bony 1) oxyimino-1 , 3-diphenylpropanedione, 
l-phenyl-2- (o-ethoxycarbonyl) oxyiminopropan-l-one, 
3 , 3 ' , 4 , 4 ' -tetra ( t-butylperoxycarbonyl) benzophenone , 
3 , 3 '-carbonylbis (7-diethylaminocoumarin) , 

bis (cyclopentadienyl) -bis [ 2 , 6-dif luoro-3- (pyri-l-yl) phenyl] 
titanium. These compounds may be used singly or in 
combination of two or more. 

The photoinitiator (C) may be used in an amount of prefer- 
ably 0.01 to 30 % by weight, more preferably 0.05 to 10 % 
by weight based on the polyamic acid (A) having the 
recurring unit represented by the formula (I) in 
consideration of photosensitivity and strength of the film. 

The photosensitive resin composition may contain, if 
necessary, an addition-polymerizable compound (D) as shown 
below. As the addition-polymerizable compound (D) , there 
may be mentioned, for example, diethylene glycol 
diacrylate, triethylene glycol diacrylate, tetraethylene 
glycol diacrylate, diethylene glycol dimethacrylate , 
triethylene glycol dimethacrylate, tetraethylene glycol 
dimethacrylate, trimethylolpropane diacrylate, 
trimethylolpropane triacrylate, trimethylolpropane 
dimethacrylate, trimethylolpropane trimethacrylate, 
1,4-butanediol diacrylate, 1 , 6-hexanediol diacrylate, 
1,4-butanediol dimethacrylate, 1 , 6-hexanediol methacrylate, 
pentaerythritol triacrylate, pentaerythritol tetraacrylate, 
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pentaerythritol trimethacrylate , pentaerythritol 

tetramethacrylate, styrene, divinylbenzene , 4-vinyltoluene , 

4-vinylpyridine, N-vinylpyrrolidone, 2 -hydroxy ethyl 

aery late, 2 -hydroxyethyl methacrylate , 

1 , 3 -aery loy loxy-2 -hydroxypropane , 

1 , 3 -methacry loy loxy-2 -hydroxypropane , 

methylenebis (acrylamide) , N,N-dimethylacrylamide, and 
N-methylolacrylamide- These compounds may be used singly 
or in combination of two or more. 

The addition-polymerizable compound (D) may preferably be 
used in an amount of 1 to 200 % by weight based on the 
polyamic acid having the recurring unit represented by the 
formula (I) in consideration of solubility in a developer, 
photosensitivity or strength of the film. 

The photosensitive resin composition of the present 
invention may contain, if necessary, an azido compound (E) 
as shown below. As the azido compound (E) , there may be 
mentioned, for example, the following compounds: 




CH 3 
O 




OCH 3 




OH 
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The azido compound may be used singly or in combination of 
two or more. 



These compounds (E) may be used in an amount of preferably 
0.01 to 3 0 % by weight, more preferably 0.05 to 10 % by 
weight based on the polyamic acid having the recurring unit 
represented by the formula (I) in consideration of 
photosensitivity and strength of the film. 

The photosensitive resin composition of the present 
invention may contain a radical polymerization-inhibiting 
agent or a radical polymerization-suppressing agent such as 
p-methoxyphenol , hydroquinone , pyrogallol, phenothiazine, 
and a nitrosoamine. 

The photosensitive resin composition of the present 
invention may be applied to a substrate such as a silicon 
wafer, a metal substrate, a glass substrate and a ceramic 
substrate by a dipping method, a spraying method, a screen 
printing method or a spinner coating method, then 
heat-dried to evaporate most of the solvent so that a film 
having no tackiness can be obtained. 

The film is irradiated with active rays or chemical rays 
through a mask having required patterns. The material of 
the present invention is suitable for an i-line stepper, 
but a contact/proximity exposing machine employing an 
ultrahigh-pressure mercury lamp, a mirror projection 
exposing machine (aligner) , a g-line stepper or the other 
sources of ultraviolet rays, far-ultraviolet rays, visible 
light, X rays or electron rays may be used as the source of 
active rays or chemical rays for irradiation. Among them, 
ultraviolet ray source may preferably be used as well as 
the i-line stepper. The required relief pattern can be 
obtained by dissolving and removing the non-irradiated 
portion with an appropriate developer after the 
irradiation. 



As the developer, there may be used a good solvent having a 
high dissolving power such as N , N-dimethylf oritiamide, 
N,N-dimethylacetamide and N-methyl-2-pyrrolidone, a mixed 
solvent of the above and a poor solvent having a low 
dissolving power such as a lower alcohol, water and an 
aromatic hydrocarbon, or a basic solution such as 
tetramethylairanonium hydroxide aqueous solution and 
triethanolamine aqueous solution. After the development, 
the film was rinsed with water or a poor solvent and dried 
at around 100 'C so that the pattern is stabilized. The 
relief pattern is heated at 200 to 500 °C, preferably 300 
to 400 *C for several tens of minutes to several hours to 
form a highly heat-resistant polyimide having patterns. 

The photosensitive resin composition of the present 
invention can be thus converted to a buffer coating film of 
a semiconductor or an interlaminar insulating film of a 
multi-layer wiring board. 

EXAMPLES 

The present invention is described in detail by referring 
to Examples and Comparative examples, but the scope of the 
invention is not limited by these Examples. 

Synthetic example 1 

To a 100 ml-f lask equipped with -a stirrer, a thermometer 
and an inlet for introducing nitrogen gas were added 9.8 917 
g of 3 , 4 '-diaminodiphenyl ether, 0.6462 g of 
1, 3 -bis (3-aminopropyl) -1,1, 3 , 3-tetramethyldisiloxane, 
2.2484 g of water, 14.60 g of xylene and 58.38 g of 
N-methyl-2-pyrrolidone, and the mixture was dissolved by 
stirring under nitrogen flow at room temperature. Then, 
16.4534 g of oxydiphthalic anhydride was added to the 
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solution and the mixture was stirred for 5 hours to have a 
tacky polyamic acid (polyimide precursor) solution. The 
solution was heated at 70 'C for adjusting the viscosity at 
80 poise to have a polymer solution called as P-l. 

Synthetic example 2 



To a 500 ml flask equipped with a stirrer, a thermometer 
and an inlet for introducing nitrogen gas were added 

10 49.4583 g of 2 , 4 ' -diaminodiphenyl ether, 3.2 308 g of 

1, 3-bis(3-aminopropyl) -1, 1, 3, 3-tetramethyldisiloxane, 72 . 10 
g of xylene and 288.42 g of N-methyl-2-pyrrolidone and the 
mixture was dissolved by stirring at room temperature under 
nitrogen flow. Then, 80.6541 g of oxydiphthalic anhydride 

L5 was added and the mixture was stirred for 5 hours to have a 

tacky polyamic acid (polyimide precursor) solution. The 
solution was then heated at 70 'C for adjusting the 
viscosity at 8 0 poise to have a polymer solution called as 
P-2. 

20 

Synthetic example 3 

To a 500 ml flask equipped with a stirrer, a thermometer 
and an inlet for introducing nitrogen gas were added 

25 57.0855 g of 3 , 3 '-diaminodiphenylsulf one, 3.0071 g of 

1, 3 -bis (3-aminopropyl) -1,1,3, 3-tetramethyldisiloxane, 73 . 09 
g of xylene and 292.35 g of N-methyl-2-pyrrolidone and the 
mixture was dissolved by stirring at room temperature under 
nitrogen flow. Then, 75.0703 g of oxydiphthalic anhydride 

iO was added to the solution and the mixture was stirred for 5 

hours to have a tacky polyamic acid (polyimide precursor) 
solution. The solution was then heated at 70 'C for 
adjusting the viscosity at 80 poise to have a polymer 
solution called as P-3 . 



J5 



Synthetic example 4 
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To a 500 ml flask equipped with a stirrer, a thermometer 
and an inlet for introducing nitrogen gas were added 
5 57.0855 g of 4 , 4 ' -diaminodiphenylsulf one, 3.0071 g of 

1, 3 -bis (3-aminopropyl) -1,1,3, 3-tetramethyldisiloxane, 73 . 09 
g of xylene and 292.35 g of N-methyl-2-pyrrolidone and the 
mixture was dissolved by stirring at room temperature under 
nitrogen flow. Then, 75.0703 g of oxydiphthalic anhydride 
10 was added to the solution and the mixture was stirred for 5 

hours to have a tacky polyamic acid (polyimide precursor) 
solution. The solution was heated at 70 "C for adjusting 
the viscosity at 80 poise to have a polymer solution called 
as P-4. 

.5 

Synthetic example 5 

To a 100 ral-flask equipped with a stirrer, a thermometer 
and an inlet for introducing nitrogen gas were added 6.3 697 

!0 g of methapheny lenediamine , 0.7704 g of 

1 , 3-bis (3-aminopropyl) -1,1,3 , 3-tetramethyldisiloxane , 
2.6808 g of water, 14.47 g of xylene and 57.88 g of 
N-methyl-2-pyrrolidone and the mixture was dissolved by at 
room temperature under nitrogen flow. Then, 19.6176 g of 

!5 oxydiphthalic anhydride was added to the solution and the 

mixture was stirred for 5 hours to have a tacky polyamic 
acid (polyimide precursor) solution. The solution was then 
heated at 70 °C for adjusting the viscosity at 80 poise to 
have a polymer solution called as P-5. 

to 

Synthetic example 6 
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To a 200 ml-flask equipped with a stirrer, a thermometer 
and an inlet for introducing nitrogen gas were added 
19.5931 g of 4, 4 '-diaminodiphenyl ether, 1.2799 g of 



I, 3-bis (3-aminopropyl) -1,1,3, 3-tetramethyldisiloxane, 
4.453 6 g of water, 2 9.26 g of y-butyrolactone and 117.02 g 
of N -methyl -2 -pyrrolidone and the mixture was dissolved by 
stirring at room temperature under nitrogen flow. Then, 
33.2295 g of oxydiphthalic anhydride was added to the 
solution and the mixture was stirred for 5 hours to have a 
polyamic acid (polyimide precursor) solution. The solution 
was then heated at 70 °C for adjusting the viscosity at 80 
poise to have a polymer solution called as P-6. 

Synthetic example 7 

To a 100 ml-flask equipped with a stirrer, a thermometer 
and an inlet for introducing nitrogen gas were added 

II. 9841 g of 4 , 4 ' -diaminodiphenyl ether, 0.7829 g of 
1 , 3-bis (3-aminopropyl) -1,1,3, 3-tetramethyldisiloxane, 
2.7240 g of water, 14.48 g of xylene and 57.93 g of 
N-methyl-2-pyrrolidone and the mixture was dissolved by 
stirring at room temperature under nitrogen flow. Then, 
14.0161 g of pyromellitic dianhydride was added to the 
solution and the mixture was stirred for 5 hours to have a 
tacky polyamic acid (polyimide precursor) solution. The 
solution was then heated at 70 °C for adjusting the 
viscosity at 80 poise to have a polymer solution called as 
P-7. 

Synthetic example 8 

To a 100 ml-flask equipped with a stirrer, a thermometer 
and an inlet for introducing nitrogen gas were added 
10.0819 g of 4, 4 '-diaminodiphenyl ether, 0.658 6 g of 
1, 3-bis (3-aminopropyl) -1,1,3 , 3-tetramethyldisiloxane, 
2.2916 g of water, 14.41 g of xylene and 90.05 g of 
N-methyl-2-pyrrolidone and the mixture was dissolved by 
stirring at room temperature under nitrogen flow. Then, 
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15.9049 g of biphenyltetracarboxylic dianhydride was added 
to the solution and the mixture was stirred for 5 hours to 
have a polyamic acid (polyimide precursor) solution. The 
solution was then heated at 7 0 'C for adjusting the 
5 viscosity at 80 poise to have a polymer solution called as 

P-8. 

The transmittance at 3 65 nm of films of the polyamic acid 
(polyimide precursor) solutions P-l to P-8 prepared in 

LO Synthetic examples 1 to 8 are shown in Table 1. The 

transmittance of the polyamic acid solution was determined 
by measuring the transmittance of a film obtained by 
spin-coating a glass substrate with the resin solution of 
the polyamic acid (polyimide precursor) and drying it at 85 

15 * °C for 3 minutes and then at 105 'c for 3 minutes. 



Table 1 







Polyamic 

acid 

solution 


Transmittance (%) 
(thickness: 20 
Aim, at 3 65 nm) 


>o 


Synthetic 
example l 


P-l 


43 




Synthetic 
example 2 


P-2 


48 




Synthetic 
example 3 


P-3 


68 


15 


Synthetic 
example 4 


P-4 


60 




Synthetic 
example 5 


P-5 


62 


iO 


Synthetic 
example 6 


P-6 


40 




Synthetic 
example 7 


P-7 


less than 1 




Synthetic 
example 8 


P-8 


less than 1 



J5 
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As can be seen from the above Table 1, the films obtained 
from the polyamic acid solutions of the present invention 
(Synthetic examples 1 to 6) had good transmittances to the 
light having, a wavelength of 365 nm (i.e., i-line) . To the 
5 contrary, in the films of comparative purpose (Synthetic 

examples 7 and 8) , i-line light was substantially absorbed 
by the films. 



Examples 1 to 6 

To each 10 g of the polyamic acid (polyimide precursor) 
solutions P-l to P-6 prepared in Synthetic examples 1 to 
were added N, N-dimethylaminopropyl methacrylate (MDAP) , 
2 , 6-bis (4 '-azidobenzal) -4-carboxycyclohexanone (CA) , 
4,4' -bis (diethylamino) benzophenone (EAB) and 
l-phenyl-2-(0-ethoxycarbonyl) oxyiminopropan-l-one (PDO) i 
a prescribed amount as shown in Table 2 and were mixed 
while stirring to have uniform photosensitive resin 
composition solutions which were to be used in Examples 1 
to 6, respectively. 

Comparative examples 1 and 2 



To each 10 g of the polyamic acid (polyimide precursor) 
25 solutions P-7 and P-8 prepared in Synthetic examples 7 to 8 

were added MDAP, CA, EAB and PDO in a prescribed amount as 
shown in Table 2 and were mixed while stirring to have 
uniform photosensitive resin composition solutions which 
were to be used in Comparative examples 1 to 2 , 
30 respectively. 



Table 2 





Polyamic 

acid 
solution 


Formulation (g) 


MDAP 


CA 


EAB 


PDO 


Example 1 


P-l 


1.803 


0.027 


0. 027 


0. 054 


Example 2 


P-2 


1.803 


0.027 


0.027 


0.054 


Example 3 


P-3 


1.656 


0. 027 


0.027 


0.054 


Example 4 


P-4 


1. 656 


0. 027 


0. 027 


O. 054 


Example 5 


P-5 


2.174 


0.027 


0.027 


0.054 


Example 6 


P-6 


1.803 


0.027 


0. 027 


0. 054 


Comparative 
example 1 


P-7 


2.198 


0.027 


0.027 


0.054 


Comparative 
example 2 


P-8 


1.861 


0.027 


0.027 


0.054 
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MDAP, CA, EAB and PDO used in Examples 1 to 6 and 
Comparative examples 1 to 2 were represented by the 
formulae : 

MDAP (N,N-dimethylaminopropyl methacrylate) : 
CH 2 =C ( CH 3 ) C0 2 ( CH 2 ) 3 N ( CH 3 ) 2 ; 

CA (2 , 6-bis (4 '-azidobenzal) -4-carboxycyclohexanone) : 

0 




PDO (l-phenyl-2-(0-ethoxycarbonyl)oxyiminopropan-l-one) : 



25 




The each obtained solution was filtered and was drip 
spin-coated on a silicon wafer. Then, the wafer was heated 
at 100 *C for 150 seconds by using a hot plate to form a 
film having a thickness of 20 and the film was exposed 
by using an i-line stepper through a mask having patterns. 
The film was heated at no "C for 50 seconds and subjected 
to puddle development using a mixed solution comprising 



N-methyl-2-pyrrolidone and water with a weight ratio of 75 
: 25. Then, the film was heated at 100 °C for 30 minutes, 
at 200 "C for 30 minutes and then at 350 'C for 60 minutes 
under nitrogen atmosphere to have the relief pattern of the 
polyimide. 

Evaluation results thereof are shown in Table 3 . The 
resolution, the post-developmental film-remaining ratio and 
the adhesive property were evaluated using methods as 
mentioned below, respectively. 

The resolution was evaluated as the minimal size of 
developable through-hole by using a through-hole test 
pattern . 

The post-developmental film remaining ratio was determined 
as (the thickness after development/ the thickness before 
development) x 100 (%) by measuring the thicknesses of the 
film before and after the development- The film thickness 
was. measured with a film thickness measurement apparatus, 
Dektak-3 03 0 (trade name) manufactured by Sloan Co. 

Adhesive property was measured as follows. A film (film 
thickness: 5 pm) obtained by coating a silicon wafer with 
the photosensitive resin composition and heating it at 100 
"C for 30 minutes, at 200 * C for 30 minutes and then at 
3 50 *C for 60 minutes was subjected to a Pressure Cooker 
test (conditions: at 121 °C, 2 atmospheric pressure for 100 
hours) and then carried out a checkerboard test. 

In the checkerboard test, the film was cut like a 
checkerboard by a knife so that 100 squares per 1 mm 2 are 
formed and peeled off by using a cellophane tape regulated 
by Japanese Industrial Standard (JIS K5400) to determine 
the ratio of the number of remaining squares to 100. The 



results are shown in Table 3 . 



Table 3 



10 



15 



1 Example 1 


Resolution 
(nm) 


Pattern 


Post- 
development 
film- 
remaining 
ratio (%) 


Adhesive 
property 




10 


Good 


95 


100/100 


Example 2 


10 


Good 


97 


100/100 


Example 3 


10 


Good 


94 


100/100 


Example 4 


10 


Good 


96 


100/100 


Example 5 


10 


Good 


96 


100/100 


Example 6 


10 


Good 


98 


100/100 


Comparative 
Example 1 


60 


Poor 


65 


100/100 


Comparative 
Example 2 


60 


Poor 


58 


ioo/ioo 1 
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The smaller the value of the resolution is, the finer the 
pattern can be obtained, therefore, the higher the 
integration of LSI can be obtained. The photosensitive 
resin composition of the present invention has a remarkably 
25 excellent resolution. 



Generally speaking, while the photosensitive resin 
composition having the post-developmental film-remaining 
ratio of 9 0 % or more is good for practical use, the 
photosensitive resin composition having that of 60 's % or 
less isn't suitable for practical use. Therefore, the 
photosensitive resin composition of the present invention 
has a remarkably excellent post-developmental film- 
remaining ratio. 

The photosensitive resin composition and the photosensitive 
resin composition for an i-line stepper of the present 
invention which use a polyamic acid having excellent 
light-transmittance are excellent in image-forming ability 
and particularly suitable for pattern-formation with an 
i-line. The polyimide obtained therefrom is also excellent 
in mechanical properties, heat-resistance and adhesive 
property of the film. 
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WHAT IS CLAIMED IS : 

1. A semiconductor device, comprising: 
a semiconductor substrate; and 

a polyimide film overlying the semiconductor 
substrate, wherein said polyimide film includes a polyimide 
material formed from an oxydiphthalic acid or acid anhydride 
thereof as a reactant. 

2. The semiconductor device according to claim 1, 
wherein said polyimide material is formed by forming a 
polyimide precursor formed by reacting the oxydiphthalic acid 
or acid anhydride thereof with a diamine, and then heating the 
polyimide precursor. 

3. The semiconductor device according to claim 2, 
wherein said diamine is a diaminopolysiloxane. 

4. The semiconductor device according to claim 1, 
wherein the semiconductor substrate includes a large-scale 
integrated circuit. 

5. The semiconductor device according to claim 1, 
wherein the polyimide film is a buffer coating film of the 
semiconductor device. 

6. A semiconductor device, comprising: 
a semiconductor substrate; and 
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a polyimide film overlying the semiconductor 
substrate, the polyimide film being produced by coating a 
composition containing a polyimide precursor overlying the 
semiconductor substrate, thereby forming a composition 
coating, forming a pattern in the composition coating using an 
i-line stepper, thereby forming a patterned coating, and 
heating the patterned coating to form polyimide from the 
polyimide precursor, wherein the polyimide precursor is formed 
from an oxydiphthalic acid or acid anhydride thereof as a 
reactant . 

7. The semiconductor device according to claim 6, 
wherein the polyimide precursor is a polyamic acid. 

8 . The semiconductor device according to claim 7 , 
wherein the polyamic acid is a reaction product of the 
oxydiphthalic acid or acid anhydride thereof and diamine 
compound . 

9 . The semiconductor device according to claim 8 , 
wherein said diamine compound is a diaminopolysiloxane. 

10. A photosensitive resin composition which comprises 
(1) a polyimide precursor, formed from an oxydiphthalic acid 
or acid anhydride thereof as a reactant, a 20y.m film thickness 
of said polyimide precursor having a transmittance, at 3 65nm, 
of at least 4 0%; and (2) a polymerization initiator. 
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11. The photosensitive resin composition according to 
claim 10, wherein the polyimide precursor is formed by 
reacting said oxydiphthalic acid or acid anhydride thereof 
with diamine. 



12. The photosensitive resin composition according to 
claim 11, wherein said diamine is a diaminopolysiloxane . 



13 . The photosensitive resin composition according to 
claim 10, wherein said transmittance is in a range of 40%-68%. 



14. The photosensitive resin composition according to 
claim 13, wherein the composition further includes an acryl 
compound having an amino group. 



15. A polyimide precursor which is a reaction product of 
an oxydiphthalic acid or acid anhydride thereof and 
diaminopolysiloxane compound. 



16. The polyimide precursor according to claim 15, 
wherein the oxydiphthalic acid or acid anhydride thereof and 
the diaminopolysiloxane compound are reacted in molar ratio of 
acid and acid anhydride, to diaminopolysiloxane of 0.8-1.2 to 
l.o. 



17 . The polyimide precursor according to claim 15 , the 
polyimide precursor being a polyamic acid. 



18. The polyamic acid according to claim 17, having 
number average molecular weight in a range of 3,000 to 
200, 000. 

19. A polyimide formed by heating the polyamic acid 
claim 17. 
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Abstract : 

There are disclosed a photosensitive resin composition 
which comprises 

(A) a polyamic acid having recurring units represented by 
the formula (I) : 



COOH 

+ OC R 1 CO NH R 2 NH-j— , 
I T (I) 

COOH \ 
wherein R 1 represents 

represents a divalent organic group, and 
(B) an acryl compound having an amino group, 

and also a photosensitive resin composition for an 
i-line stepper which further comprises a photoinitiator in 
addition to the photosensitive resin composition. 



511. 33114X00 



DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 

Vs a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, I believe I am the original, first 
md sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are listed below) of 
he subject matter which is claimed and for which a patent is sought on the invention entitled: 

PHOTOSENSITIVE RESIN COMPOSITION 



lie specification of which (check one) j j is attached hereto. 

[xxj was filed on September 2, 1994 

as Application Serial No. 08/299, 628 

and was amended on 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the 
laims, as amended by any amendment referred to above. 

: «= : I acknowledge the duty to disclose information which is material to the examination of this application in accordance 
ith Title 37, Code of Federal Regulations, § 1 .56(a). 

.„= I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application(s) for 
atenc or inventor's certificate listed below and have also identified below any foreign application for patent or inventor's 
Jrtifeate having a filing date before that of the application on which priority is claimed: 

rior foreign Application(s) Priority Claimed 



21:9720/1993 


Japan 


3, September, 1993 




□ 


W (Number) 


(Country) 


(Day /Month/Year Filed) 


Yes 


No 


>2&2/1994 


Japan 


14, January, 1994 




□ 


.~ (Number) 


(Country) 


(Day /Month/Year Filed) 


Yes 


No 








□ 


□ 


~ (Number) 


(Country) 


(Day/Month/Year Filed) 


Yes 


No 








□ 


□ 


(Number) 


(Country) 


(Day/Month/Year Filed) 


Yes 


No 








□ 


□ 


(Number) 


(Country) 


(Day /Month/Year Filed) 


Yes 


No 








□ 


□ 


(Number) 


(Country) 


(Day/Month/Year Filed) 


Yes 


No 



I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s) listed below 
d, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application 
the manner provided by the first paragraph of Title 35, United States Code, §1 12,1 acknowledge the duty to disclose material 
Formation as defined in Title 37, Code of Federal Regulations, § 1 .56(a) which occurred between the filing date of the prior 
plication and the national or PCT international filing date of this application: 



(Application Serial No.) (Filing Date) (Status: patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status: patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status: patented, pending, abandoned) 



(Application Serial No.) 



(Filing Date) 



(Status: patented, pending, abandoned) 

(Continued on Page 2) 



I hereby appoint as principal attorneys; Donald R. Antonelli, Reg. No. 20,296; David T. Terry, Reg. No. 
20,178; Melvin.Kjaus, Reg. No. 22,466; Stanley A. Wal, Reg. No. 26,432; William I. Solomon, Reg. No. 28,565; 
Gregory E. Montone, Reg. No. ""28,141; Ronald J. Shore, Reg. No. 28,577; Donald E. Stout, Reg. No. 26,422; Alan E. 
Schiavelli, Reg. No. 32,087; James N. Dresser, Reg. No. 22,973 and Carl I. Brundidge, Reg. No. 29,621 to prosecute 
and transact all business connected with this application and any related United States application and international ap- 
plications. Please direct all communications to the following address: 

Antonelli, Terry, Stout & Kraus 

Suite 1800 

1300 North Seventeenth Street 
Arlington, Virginia 22209 
Telephone: (703) 312-6600 
Fax: (703) 312-6666 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further, that these statements were made with the knowledge that will- 
ful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United State Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

(Full Name) (Signature) 
Date. M-,Qctck^ r fr.ver.for Hideo HAGIWARA UXcUc H^Xv^^ 



Residence _ 



Same as Post Office Address 



Citizenship _ 



Japan 



Post Office Address 9-4, Heiwa-cho 1-chome, Hitachi -shi , Ibaraki-ken, Japan 
Date &cJ K , /<fjf Inventor MakQto KAJI 



Same as Post Office Address 



Citizenship Japan 



Post Office Address 3-6, Daihara-cho 2-chome, Hitachi-shi, 
r Date L t t s OJGAn/L i l $2± Inventor Masataka NUNOMURA 



Ibaraki-ken, Japan 



Same as Post Office Address 



Japan 



=Post Office Address 3-B3 01, 
5 Date . 



Nishi-narusawa-cho 3-chom e, Hitachi- shi, Ibaraki-ken 

Japar 



Post Office Address_ 
Date. 



Post Office Address_ 
Date 



Post Office Address_ 
Date 



Post Office Address_ 
Date 



Post Office Address_ 
Date 



Post Office Address_ 
Date 



Citizenship _ 



Citizenship _ 



Citizenship _ 



Post Office Address_ 



Page 2 



